Enhancement of tyrosine hydroxylase phosphorylation and activity by glial cell line-derived neurotrophic factor.
Although glial cell-line derived neurotrophic factor (GDNF) acts as a potent survival factor for dopaminergic neurons, it is not known whether GDNF can directly alter dopamine synthesis. Tyrosine hydroxylase (TH) is the rate-limiting enzyme for dopamine biosynthesis, and its activity is regulated by phosphorylation on three seryl residues: Ser-19, Ser-31, and Ser-40. Using a TH-expressing human neuroblastoma cell line and rat primary mesencephalic neuron cultures, the present study examined whether GDNF alters the phosphorylation of TH and whether these changes are accompanied by increased enzymatic activity. Exposure to GDNF did not alter the TH protein level in either neuroblastoma cells or in primary neurons. However, significant increases in the phosphorylation of Ser-31 and Ser-40 were detected within minutes of GDNF application in both cell types. Enhanced Ser-31 and Ser-40 phosphorylation was associated with increased TH activity but not dopamine synthesis in neuroblastoma cells, possibly because of the absence of l-aromatic amino acid decarboxylase activity in these cells. In contrast, increased phosphorylation of Ser-31 and Ser-40 was found to enhance dopamine synthesis in primary neurons. Pharmacological experiments show that Erk and protein kinase A phosphorylate Ser-31 and Ser-40, respectively, and that their inhibition blocked both TH phosphorylation and activity. Our results indicate that, in addition to its role as a survival factor for dopaminergic neurons, GDNF can directly increase dopamine synthesis.